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298.1381073712208179549531"5MimIi6""Zalongwithtabulationsofthemaximumprobable322 74896 11 216 789082alongwithtabul tions fthemaxunumpro
experimentalerrors.Thevaluesofrelativestandard347.65285769874152178393
372.52277098882141717673 deviationsareO.25%at273.15｡K,0.6%at240.00･K,
397":70063757318126296370andl.6%at215.00･K.U84470018035132876980422. 帥 7573 8126296370 nd 6％at215. 0.K．U㎡ortunatelythereareno
othersecondordervirialdataonmethane-ethane
mixturesavailableforcomparison.
InFig、4thevaluesofBmeasuredinthiswork
Theanalysisshowedthatatlowreducedtemperatures,vergugtemperatureatconstantcompositionarepre-
e､g､,beldTvO.85,thegenerallylessaccurate&pparatuSsented.
constantmethodispreferredtothedirectmethod 2.CO""iSO"q/BcH4(M@(IBc2H･測肋SiWJ"
becauseofthem皿tationonthenumberofexpansions W"esjyo"O伽γI"z)es"gajol's
imposedbythetwo-phaseboundaryofthesystemand
theminimumpressurewhichtheapparatuscanmeas- AtOoCseveralinvestigatorshavemeasuredthe
ure.secondvirialcoemcientsofpureCH4andpureC2H6.
SeveralofthevaluesforBCH4wereallsoclosetogether
VIn.DISCUSSIONOFEXPERIMENTALRESULTSthattheyappearasasinglepointinFig､5.Thevalues
ofBcH4andBc2H6arecomparedinTablesVandVI.
Inthissectionthevaluesofthevirialcoefncients Saville39hasrecentlyevaluatedthevaluesofBcH4
蝋鰡撫辮篭餓患蝋i溌撫驚溺麓辮琶辮さ鯛搬急激鵬駕
theself-consistencyofthedataofthiswork・ThesecondMMe"mm.2Savine39recommends-53.44士0.06
virialcoe価cientsarecomParedwithtworecentlycC/moleforthevalueofBCH‘at273.15.K.Thevalue
publishedcorrelations.
HWSWWationbyMcGlashanandPotter"RM"WgWWaWWMW*lseisequaltothecalculatedvalue-53.28plusthecor-
isbagedOnd"take"trejugedt""atllresaglowfMjiI~f6i~fiie~EOZ~aridNimentionea.Michels'"
asq5andashighas"forthe"teigllfhydmcarbons.fiiEMie~66nfaihed56oM､2%ethaneandacorrected
Jtalgoagre¥wellwi"thR.publish94､d"fpr""VaiIEEalEdiim67Mauthisalsopresentedin
kryp",alidxenOn:TIlePitzerandCurl"corrglationmibirriIMltigof~EbmaiiertO~Sclianm〃αJ.25waS
臆溌譲‘驚窯i慨r鎌.雪麓餓総無a辮撫,蕊g幾至h§職鴛'職舞
asmuChstructuraldifferenceasbenzeneandargon0.07tCO・10cc/mole・Theprecisionofthemeasurement
areincluded・Thedata,however,areatreducedtem-
peratures…伽｡乢Thedatainthi…x"､識語瀦鰯脇淵撫赫蝋
fanbetweennevaluesofO.7andl.4.
FinaUy,theforcep…畑f･rs…lp･剛ial流駕綱i無基柵r羅暴掘熊蕊溌
fu¥ction"representedaPdcWWe4.yvit#simila"Tliga6&fW~of~fliemiigOfBCE@cOrrectedforCO'
valuesoftheseparametersfoundintheliterature. andN2impuritiesisaboutO.03cC/mole.McGlashan-
Potter3ocurvesforCH4andC2H6areshowninFigs､5
A.ComparisonandDiscussionofSecond and6,respectively.PitzerandCurl's31correlationis
VirialCoe伍cientsalsoshownforCH4andC2H6inFigs.5and6.Asshown
inFig.5,thesecondvirialcoe伍cientsatl91・06･K
I.I"〃"αJCof@sis/encyq/伽Seco"d andhighertemperaturesformethanefromthiswork
y勿刎Co"cie"q/"sW0γル
InFig.3theexperimentalsecondvirialcoe缶cients 39G．Saville,Ph.D.thesis,UniversityofOxford,0㎡ord,
ofthisworkat273.15｡,240.00｡and215.00｡KversusEWn441M4040R､H.Olds,H.H.Reamer,B.H・Sage,andW.N・Lacey,
molefractionethanearepresented．Ind.Eng・Chem.35,922(1943).
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areingoodtoexcellentagreementwithotherpublished
dataandthetwocorrelations.
ThomaesandvanSteenwinkel2assumedthat(Z=
1+B/y)becausetheywereoperatingbelowone
atmosphere.Thethirdvi血lcoe伍cientattheircoldest
temperatureatZYR=0.57islessthan-100000(cC/
mole)2asestimatedfromFig.9､Ignoringthislarge,
negativethirdvirialcoe伍cientattheirlowtemper-
atureswouldcausetheirvaluesofthesecondvirial
coemcienttobealgebraicallylow.
Price'reportedvaluesofBz,･c=(Bm…red-Bo･c).
SincehisvalueofBatO｡Cisaboutl9cC/moletoo
high,allofhisreportedvaluesaretoohigh.
MuellerejaJ.29usedaBurnettexpansionandthe
apparatusconstantmethod.Aprobableerrorofl.0%
inthevaluesofBwasgiven;however,thiswasbased
ononlyfourexpansionsforthelowesttemperature.
Furthermore,heliumcalibrationrunsforallofthese
isothennswerenotmade.
Kanda3usedanexpansionmethodtohrstmeasure
(3H/6P)ratseverallowpressuresandthenusing
onlythreepointsextrapolatedtozeropressuretonnd
(6H/6P)z,o.Thiswasrelatedtothesecondvolume
vi血lcoemcientwheretheassumptionZ=(1+B'P)
wasmade・Wisvaluesofthesecondvirialcoe伍cients
arehigherthanMcGlashanandPotter'scurve.
Forethane,onlyEuckenandParks4havepublished
secondvirialcoeaicientsbelowO｡C・Theyarenoticeably
belowvaluescalculatedusingtheMcGlashanand
Pottercorrelation・However,thevalueofVc,which
mustbeusedinthiscorrelation,isuncertainby4､5%.
Din41reportsavalueofl41.7cc/moleandRossini42
reportsavalueofl48.TheMcGlashan-Pottercurves
inFig．6arebasedontheformer・Theethanevirial
coencientsofthispresentworkagreewellWiththe
McGlashan-Pottercorrelationandarehigherthanthe
valuesofEuckenandParks･EuckenandParkS,like
Kanda,measured(6H/6P)z,.Theassumptionthat
C'=0,whichisrequiredbythismethod,wouldcause
EuckenandParks'4numberstobelowiftheassump-
tionisnotcompletelyvalid・Thecorrespondingstates
plotforthesecondvirialcoemcientsisshowninFig.7.
B･CorrespondingStatesPlotofmleThirdVirial
CoemcientsofThisWorkandOther
Investigators
Figure8isdrawntoshowtheself-consistencyofthe
thirdvirialcoeHicientsofthiswork.TablelVpresents
theexperimentalvalues.OnlyMichelse#aJ.34and
Douslin9presentvalues(giveninTableIIforOoC)
whichmaybedirectlycomparedwiththoseofthiswork.
Figure9presentsC/Vb2versusZ)atoshownthatthe
4W.Dm,r"""'O"y邦α"ziCF@"zc"ofzsq/G@SeS(Butterworths
PubUcationSLtd.,Londonl961),Vol､3.
42APIPγ小c#",F.D・Rossmi,Ed.(CarnegiePress,Pitts-
burgh,Pa.,1953).
agreementofthevaluesformethaneandethaneWitl]
tlioseofothersisgoodatZIzvaluesgreaterthanO.9g
BelowthevalueOfrR=0.8nootherexperimental
thirdvirialcoemcientdataareknowntoexistforthe
gasesstudied.
C･VirialCoemcientsofMemaneinThis
Workatl31.,3･K
Theerrorindex[-Pj(6Bj/6Pj)(Bj)-']indicates
thatthedirectmethodisinappropriateforanaccurate
determinationofthevirialcoe伍cientsatthislow
temperature・Furthermore,onlyoneheliumexpansion
serieswasmadeforevaluationoftheapparatuscon-
stant・Thisheliumexpansionseriesgivesasecond
● ●
virialcoe伍cientforhenumwhichistoohigh,13.71
cc/moleversusaliteraturevalueatthistemperature
ofaboutll.8.'2Usingarevisedapparatusconstant
consistentwiththell.8valueforheliumgivesa1． l
methanesecondvirialcoemcientof-224cC/mole
andathirdvirialcoe缶cientof-13600(cc/mole)2.
Thus,thevirialvaluesobtainedformethaneat
139.13｡Karenotexactlyabsolutevaluesastheother
reportedvaluesarebutarerelativetotheemerimental
●
secondvirialcoe伍cientreportedforhenumatthesame
temperature.
Ⅸ、POTENTIALFUNCTIONS
Withthenewvi血Icoemcientdataatlowtem-
peraturesinthepresentinvestigation,theparameterg
6fvariouspotentialfUnctionshavebeenredetermined
fromsecondvirialdataoverawidertemperature
range.ParametersfortheKihara,LennardJoneS,
andsquare-wellpotentialshavebeenre-evalUated.
Kihara43proposedapotentialbetweenmolecules
havingacharacteristicimpenetrablecore・Theinter-
actioxipotentialenergyisexpressedasafunctionofthe
shorteStdistancepbetweenthesurfacesofthemolec-
ularcores:
U(p)=e[(p｡/p)皿－2(Po/p)6], （16）
whereeisthemaximumenergyofattractionandpois
itsposition.Kiharaderivedthefollowingexpression
forthesecondvirialcoe伍cient:
B/JV=骨叩03F3+MoPfFh+[Sb+(Mf/4汀)]
XPoF,+Fb+(MbSb/4T),(17)
whereMO,SO,andrbcanbecalculatedfromthesize
andshapeofthecore.F,,F2,andFadependonthe
reducedtemperaturer*=ﾙZｿeandaregivenby
●
F8=-
Inthepresent
43T･Kihara,Re
菫麦rF
ga[lon[n上
（18）
termi-
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natedwhenthelasttermbecamelessthanlO5.For
asphericalmodelthefollowingpotentialformwas
used:
U(")=" γ≦2α
憾 孟鮒
=4E
瓜＊＝2
whereaisthe
U('')=0.TheKiharapotentialreducestotheLennard-
Jonespotentialifthecoresizebecomeszero・The
square-wenpotentialisthesimplestthreeparameter
potentialandisgivenby:
U(")=" γ＞ぴ
＝－eび<7<Ro･
＝0 'y>Rぴ． （20）
Ristheratioofwellwidthtoぴ．Thesecondvirial
coe伍cientforthesquare-wellpotentialis
B(T)=60[1-(R3-1)(ee"-1)], （21）
where
60=;wrIV･3.
X･DETERMINATIONOFPOTENTIAL
PARAMETERSFROMSECONDVIRIAL
COEFFICIENTDATA
Potentialparametersweredeterminedbytheleast
squaremethodbyminimizingtheroot-mean-square
deviationbetweencalculatedandexperimentalsecond
virialcoe伍cientdata・TablesVandVIshowthe
experimentalvaluesandthenumericalvaluesofthe
potentialparameters・Theagreementbetweenthe
experimentalandcalculatedsecondvirialcoe缶cients
usingtheKiharamodelwasincloseagreementwith
previouslycalculatedvalues・Thetriangularprismcore
modeloftheKiharapotentialfortheethanemolecule
describedbyPrausnitzandMyers44wasusedinthe
presentinvestigation・Calculatedvaluesbelowthe
icepointshowedincreasingdeviationsfromtheexperi-
mentalvalueswithdecreasingtemperature･Another
cylindricalcoremodel,whichtightlyenclosesthe
triangularprismcore,yieldedevenpooreragreement
withtheexperimentaldata.OftheKiharacoremodels
tested,thennemodelgavethesmaUestdeviationfrom
theexperimentalresults.Ithasbeengenerallyfound
thattheKiharapotentialissuperiortotheLennard-
Jonespotential,especiallyinthecalculationofB(T)
formethane,propane,andothernormalparamns､45,46
However,itistobenotedthattheLennard-Jones
44J.M・PrausnitzandA.L・Myers,A､I.Ch.E.J､9,5(1963).
"AE.SherwoodandJ.M.Prausnitz,J.Chem.~Phjrs.41,429
(1964)．
46J.F・ConnollyandG．A.Kandalic,Phys.Fluids3,463
(1960)．
potentialinthisstudywassuperiortotheKiha,･a
potentialinrepresentingB(T)dataforethane.
Thesecondvirialcoe伍cientforamixtureisgiven
byEq.(15).
FortheKiharapotentialtheinteractionvirialfor
unlikepairsB,2isexpressedby:
B,2=;7rp,23FM+;(Mb,+Mb2)p,22FM
+B(Sb,+Sb2)+(MO1+MO2)/47r]pl2Fl
+3(Vb,+Vb2)+(MbnSb,+Mb2Sb2)/8T,(22)
wheree,2andp,2ofthemixturearecalculatedby
e,2､e,E2)'ﾉ21 （23）
p,2=;(p,,+p,2)．(24)
Theseempiricalcombiningruleswerealsousedfor
anotherpotentialfUnctionsstudied.Anequation
s血nartoEq.(24)wasusedforo,2.Thenumerical
valuesofB,2werecalculatedusingthethreepotential
functions.TableVIIgivesthecomparisonofexperi-
mentalvalueswithcalculations・Forthesquare-well
potentialitwasassumedthatR,2=(R,+R2)/2.Table
VIIshowsthattheKihara,theLennard-Jones,and
thesquare-wenpotentialsgaveB,2valuesclosetothe
experimentalvalues.IntheKiharapotentialtheuseof
asphericalcoreformethaneandlinecoreforethane
gaveslightlybetterresultsforB,2thanthosepredicted
bytheapplicationofsphericalmodelformethane
andethane.
XI．THIRDVIRIALCOEFFICIENTS
Calculatedthirdvirialcoe伍cientcurveswere
obtainedbyusingtheparametersgiveninTablesV
andVIfromthefollowingrelations:
c(r)=602c*, （25）
C*=Cadd*+AC*, （26）
Ac*=cM*(6AC*/6cM*)α･=0， （27）
wherereducedpolarizabilityisgivenbycu*=cY/03
andtheaveragepQlarizabintiesofmethaneandethanc離respectively.47are2．60and4．4
Thereducedadditivecoe缶cientsCadd*andthe
nonadditivederivative6AC*/aq*aretabulatedby
SherwoodandPrausnitz.48Theadditivesquare-well
thirdvirialcoencientswerecalculatedbyusingan
analyticalequationbyKihara.38TableVIIIshowsa
comparisonofcalculatedandexperimentalresults
formethaneatseveraltemperatures・Thistablein-
cludestheresultscalculatedusingtheKiharapotentials
withdiHerentsphericalcoresizes.Thechoiceofcore
47H、H、Lα"do"-B6γ"s＃e伽,Zα〃e"""jez"zJF""ﾙ"0""’
(Springer-Verlag,Berlin,1951))Vol､1,pt.3,p.509.
48SherwoodandPrausnitz,J･Chem・Phys.41,413.(1964).
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